A genome-wide linkage scan of 795 microsatellite markers (761 autosomal, 34 X chromosome) was performed on Multidimensional Aptitude Battery subtests and verbal, performance and full scale scores, the WAIS-R Digit Symbol subtest, and two word-recognition tests (Schonell Graded Word Reading Test, Cambridge Contextual Reading Test) highly predictive of IQ. The sample included 361 families comprising 2-5 siblings who ranged in age from 15.7 to 22.2 years; genotype, but not phenotype, data were available for 81% of parents. A variance components analysis which controlled for age and sex effects showed significant linkage for the Cambridge reading test and performance IQ to the same region on chromosome 2, with respective LOD scores of 4.15 and 3.68. Suggestive linkage (LOD score>2.2) for various measures was further supported on chromosomes 6, 7, 11, 14, 21 and 22. Where location of linkage peaks converged for IQ subtests within the same scale, the overall scale score provided increased evidence for linkage to that region over any individual subtest. Association studies of candidate genes, particularly those involved in neural transmission and development, will be directed to genes located under the linkage peaks identified in this study.
INTRODUCTION
Intelligence, as measured by Intelligence Quotient (IQ) tests and other cognitive ability scales, is one of the most heritable behavioural phenotypes ever studied (McClearn et al., 1997; Plomin, 1999) . Cognitive abilities are complex traits, and as such, many genes of small effect size are hypothesised to contribute to their variation. Association studies aiming to find Quantitative Trait Loci (QTLs) influencing IQ have been relatively unsuccessful, due perhaps to the vast number of potential genes that may affect brain processes or our lack of knowledge of what these might be. Some recent, positive findings from targeted candidate gene studies have found polymorphisms in the genes coding for brain-derived neurotrophic factor, prion protein, and succinatesemialdehyde dehydrogenase to be associated with normal variation in IQ, but these results await replication (Plomin et al., 2004; Rujescu et al., 2003; Tsai et al., 2004) .
A wide-scale effort to find genes influencing IQ was initiated by Plomin and colleagues in 1994, who examined the association between 100 DNA markers in/near genes relevant to neural functioning in high and low IQ groups (respective mean IQs of 130 and 82) (Plomin et al., 1995) . Significant allelic frequency differences between groups were found for various markers, although not all were replicated. Using eight of the most significant markers associated with general cognitive ability (g), associations were confirmed for spatial, verbal and memory abilities, implying that there was some overlap in genetic effects on specific abilities and g (Petrill et al., 1996b) . A more systematic approach was later taken by using a denser map of markers, subjects with a wider IQ range, and replication samples to reduce Type I errors; the first replicated association was between g and the insulin-like growth factor-2 receptor (IGRF) gene (Chorney et al., 1998) , although this did not generalise to an independent sample (2001) . In a genomewide association analysis using 1842 markers, Plomin and colleagues (2001) found associations with 108 markers in the first stage of analysis (case-control DNA pooling), but none replicated to all five stages. It is obvious from these studies that genome-wide investigations will undoubtedly produce many false positive results, thus reinforcing the need for replication of identified genes.
An alternative, systematic approach to detect genes influencing IQ is to use a nonparametric linkage design. While this method lacks the power of an association analysis, it can implicate chromosomal regions that harbour genes (usually of moderate to large effect) for IQ without the requirement that the genetic markers be the functional polymorphisms or genes extremely close by (Vink and Boomsma, 2002) . Furthermore, it has been shown that the clustering of QTLs of small effect in the same region can produce a linkage signal of relatively large effect (Legare et al., 2000; van Wezel et al., 1999; Yalcin et al., 2004) . Like association analysis, though, replication of QTLs identified using whole genome methods is essential given the multiple testing of markers. A linkage approach is followed in the present paper and applied to IQ phenotypes in a sample of adolescent twins and their siblings. Any significant results from this analysis will of course assume greater importance upon their replication in independent samples, as has been the case with QTLs found for reading disability (e.g., Fisher et al., 2002) . Upon replication, a bioinformatics search might identify candidate genes located under significant linkage peaks, and single nucleotide polymorphisms (SNPs) within these genes could be typed and tested for association with the traits of interest.
The Full scale of an IQ test measures a global cognitive ability that pervades diverse tests of cognition, including verbal, spatial, and perceptual speed tasks (Carroll, 1993; Gustafsson, 1984; Ward et al., 2000) . While it is a reliable indicator of one's general cognitive ability, a prominent theory of intelligence separates verbal and non-verbal (or performance) abilities into two broad, albeit correlated, components of intelligence (Cattell, 1963; Horn and Cattell, 1966) . Verbal ability draws on learnt knowledge and is influenced by education, culture and environmental experiences, whereas performance ability captures incidental learning influences and reasoning. The findings from behavioural genetic studies are somewhat aligned with this view in that verbal IQ shows a larger contribution to variation from the common environment than does performance IQ/visuo-spatial ability (Casto et al., 1995; Rietveld et al., 2000; Wainwright et al., 2004) . Further distinction between verbal and performance abilities is provided by results which show independent verbal and performance genetic factors in addition to the general genetic cognitive factor (Luciano et al., 2004a; Petrill et al., 1996a; Rijsdijk et al., 1998) . Specific genetic influences on individual IQ subtests tend to be significant, but small in magnitude (Luciano et al., 2003; Pedersen et al., 1994) .
Following from the behavioural genetic findings that general, group and specific genetic factors contribute significantly to the variation of a cognitive trait, a genome-wide linkage analysis was performed for full scale IQ, verbal and performance scaled scores, and IQ subtest scores. It was expected that individual subtests within the same abilities domain (verbal/ performance) would show a greater overlap of potential linkage regions than subtests between domains due to their reliance on both a general and group genetic factor. Also, genetic linkage to word-recognition indices highly predictive of IQ (verbal more so than performance) was investigated. Linkage for these reading indices was hypothesised to coincide with regions important for IQ, especially verbal IQ, as they are neuropsychological indices of premorbid IQ. As these whole-word reading tests tap variance in reading ability independent of IQ (see Wainwright et al., 2004) it is possible that they will also show linkage to regions previously reported for reading phenotypes in dyslexic samples (e.g., Cardon et al., 1994; Fisher et al., 2002) .
METHOD Sample
A sub-sample of twins from an ongoing study of cognition in adolescence (see Wright et al., 2001) had been genotyped as part of an earlier study investigating melanoma risk factors (Zhu et al., 1999) . This sample comprised 320 DZ twin families (48 with one non-twin sibling, 10 with two non-twin siblings, 1 with three non-twin siblings) and 41 MZ twin families (39 with one non-twin sibling, 2 with two non-twin siblings). Informed consent to jointly examine the cognitive and genotype data was obtained from participants and their parent/guardian if participants were younger than 18 years of age. The mean age of the twin sample at time of cognitive testing was 16.2 (±0.5) years, while siblings of twins were on average, 17.1 (±1.1) years. The age range of the sample was 15.7-22.2 years.
Zygosity and Genotyping
Blood was obtained from twins, siblings and from 80% of parents for blood grouping and DNA extraction. Zygosity of same-sex twins was diagnosed using nine polymorphic DNA microsatellite markers (AmpF1STR Profiler Plus Amplification Kit, ABI) and three blood groups (ABO, MNS and Rh), giving a probability of correct assignment greater than 99.99%. Genotyping was performed by two facilities, the Australian Genome Research Facility (AGRF, Melbourne) and the Centre for Inherited Disease Research (CIDR, Baltimore). In short, 796 microsatellite markers (761 on all autosomes; 34 on the X chromosome; and a pseudo-autosomal marker in the region of the X chromosome which was not used in this study) were typed at approximately equal intervals (average of 4.8 cM) across the entire genome, with locations determined from the sex-averaged de-CODE map (Kong et al., 2002; Leal, 2003) and interpolation of unmapped markers. Marker heterozygosity ranged between 52.6 and 91.9%. Details of the genotyping and data cleaning procedure, including information on the overlap between markers typed at the different facilities, are published elsewhere (see Zhu et al., 2004) . In the present sample, both parental genotypes were available for 260 families, while one or neither parent was genotyped in 67 and 34 families, respectively. Parents were typed for between 228 and 784 markers (mean of 398 ± 101). For twins/siblings, the number of typed markers ranged from 211 to 790, with an average of 601 (±192) total markers.
Cognitive Measures
The cognitive assessments included IQ and word-recognition tests. The Multi-dimensional Aptitude Battery (MAB) assessed IQ and consisted of three verbal subtests (information, vocabulary, arithmetic) and two performance subtests (spatial, object assembly) which were computer administered and each timed at 7 minutes (Jackson, 1984 (Jackson, , 1998 . Raw scores of the subtests and scaled scores for verbal, performance and full IQ were examined. The digit symbol test (a subtest of the WAIS-R, Wechsler, 1981) was also administered and is a measure of perceptual speed (a performance measure). The word-recognition tests included the Cambridge Contextual Reading Test (Beardsall and Huppert, 1994; Nelson, 1982) and the Schonell Graded Reading Test (Schonell and Schonell, 1960) as described in Wainwright and colleagues (2004) . The Cambridge test assesses the pronunciation of irregular words (which must be part of the reader's internal lexicon to be correctly pronounced) embedded within sentences, whereas the Schonell consists of a list of regular (which can be pronounced using grapheme-phoneme conversion rules) and irregular words. The digit symbol and word recognition tests were introduced to the test battery roughly four months after the study commenced and thus have fewer data points than the MAB IQ. All variables with the exception of the Schonell reading test-transformed by a reverse, logarithmic function-were normally distributed.
Descriptive Analyses
Inter-correlations among the IQ subtests and reading measures were obtained to assess the strength of associations between the varied measures. A principal components analysis was also performed to examine these associations, although the primary reason for this analysis was to derive the number of orthogonal factors present in the data, so that a Bonferroni correction for multiple testing could be made to the empirical p-values (see below). This method of correcting for correlated traits has been used in other studies (e.g., De Koning et al., 1998; Spelman et al., 1996) and provides a less conservative alpha level than a full Bonferroni correction. SPSS 12.0. 2 (1989-2003) was used for these analyses.
Linkage Analysis
Univariate, multipoint, variance components linkage analysis was performed in MERLIN (Abecasis et al., 2002) , with sex and age specified as covariates. Linkage on the X chromosome was similarly analysed, but using the companion program to MERLIN, MINX (Abecasis, 2004) . Within this variance components framework, the QTL effect is estimated using the probabilities that sibling pairs share none, one or both their genes at that locus identical by descent (IBD; calculated using the Lander-Green algorithm with sparse gene flow trees). The QTL effect is estimated within a model which incorporates the influence of residual additive polygenic effects and unique environment on the trait. The MZ option in MERLIN enables both members of an MZ pair to be included in the analysis with their non-twin sibling/s. Parameter estimates are derived using maximum likelihood, with the significance of the QTL effect evaluated by the difference in log 10 likelihood of a model which includes the QTL and a model which fixes it to zero. This produces a logarithm-of-odds (LOD) score that is compatible with the parametric linkage analysis index.
Linkage was considered significant if LOD scores exceeded 3.6 and suggestive if LOD scores exceeded 2.2-these criteria have been deemed appropriate for genome-wide linkage for non-replication study designs (Lander and Kruglyak, 1995) , but may be highly conservative (Wiltshire et al., 2002) . To check the appropriateness of these criteria for our data, empirically derived LOD scores were established for various measures using MERLIN simulation. For each selected variable, 1000 gene-dropping simulations were performed, in which the same phenotypes but newly generated genotypes with the same allele frequencies, marker spacing and missing data pattern were used. As linkage peaks in each simulated genome-scan are due to chance alone, the number of observed false positives per simulation can be obtained for different LOD thresholds (e.g., LOD=1, LOD=2, LOD=3) and then averaged across all simulations. The regression of these log transformed averages on the respective LOD threshold enables the calculation of the empirical LOD score for suggestive linkage (corresponding to one expected false positive per genome scan) and significant linkage (one expected false positive per 20 genome scans) (Kruglyak and Daly, 1998) . However, due to the multiple testing of phenotypes, the suggestive and significance levels were calculated using a Bonferroni correction to the expected number of false positives based on the number of orthogonal factors derived from a principal components analysis of the measures (excluding the scaled scores which are linear derivatives of the subtest scores). While for small values (e.g., 0.05) the expected number of false positives approximates the genomewide significance level, it was necessary to transform the suggestive false positive criterion (i.e., 1) into a probability using the equation P ¼ 1 À e ÀlðT Þ , where P=the genome-wide significance level and l T=the expected number of false positives (Lander and Kruglyak, 1995) . The probability was Bonferroni corrected and then transformed back into a threshold for the expected number of false positives for use in the regression equation. Simulations were not performed for the sex chromosome.
As MERLIN and MINX operate under the assumption of Haldane map locations, the Kosambi map units (derived from the deCODE map) were transformed to Haldane units prior to analysis, although they are back transformed to Kosambi units for reporting of the results.
RESULTS

Descriptive Analyses
Phenotype heritabilities (ranging from 0.46 for Spatial to 0.85 for full IQ) estimated in MERLIN encompass the unmodelled effects of shared environment (including additive genetic variance due to assortative mating) and are thus higher than the heritabilities previously reported for the larger sample from which this genotyped sub-sample was drawn (see Table I for previous estimates). Table I shows the range, mean, and standard deviation of each of the measures and the magnitude of the sex and age effects where significant. Sex effects on means were observed for all measures, except vocabulary and the reading tests, with males showing increased scores for all IQ measures but digit symbol. Age effects were present for arithmetic, vocabulary, object assembly and the reading tests, with older participants generally performing better than younger participants.
Inter-correlations among the variables are shown in Table II . Correlations were generally stronger within each of the verbal and performance IQ scales than between them, although digit symbol (from the WAIS-R) and arithmetic showed similar sized correlations with verbal and performance subtests. The reading tests were more strongly correlated with verbal than performance subtests. Verbal and performance IQ scale scores were correlated at 0.53, and their respective correlations with the reading tests were 0.67 and 0.38. The principal components analysis of the six IQ subtests and two reading tests revealed two orthogonally rotated factors, explaining 38% and 27% of variance (see Table II ). The first factor loaded most strongly on the verbal subtests, while the second factor loaded most strongly on the MAB performance IQ subtests.
Linkage Analysis
Genome-wide linkage results are shown in Figure 1 as plots defined by the LOD score on the y-zaxis and the position of each of the markers along the x-axis. Using a genome-wide threshold for significant linkage of 3.6 (Lander and Kruglyak, 1995) , linkage peaks in the same region on the long arm of chromosome 2 (2q24-q31) were significant for performance IQ (peak LOD score of 3.68) and the Cambridge reading test (peak LOD score of 4.15), while other tests (spatial, object assembly, full IQ, Schonell) also showed linkage peaks in this region although their LOD scores fell between 1.53 and 2.14 (see Fig. 2 ). Of these measures, empirical significance levels were calculated for performance IQ, full IQ, Cambridge reading, and Schonell reading with respective LOD scores of 3.82, 3.52, 4.14, and 3.75 indicating significant linkage, and scores of 2.43, 2.24, 2.60 and 2.40 indicating suggestive linkage.
Suggestive linkage, using the a priori criterion of LOD>2.2, was indicated on the short and long arms of chromosome 6 for the respective arithmetic and Schonell reading variables (see Fig. 2 ), with further suggestive linkage for these variables found on chromosomes 14 and 21 (arithmetic) and 14 and 22 (Schonell). There was also suggestive linkage for vocabulary on chromosome 11 and verbal IQ on chromosome 7. Empirical significance and suggestive significance levels for arithmetic were estimated at respective LOD scores of 3.31 and 2.10. However, no further linkage regions were implicated for arithmetic by using these lower p-value cut-offs. Empirical p-values for verbal IQ and vocabulary were also lower than the adopted criteria, with significance linkage indicated by respective LOD scores of 3.08 and 3.15, and suggestive linkage indicated by a LOD score of 2.01. With these lower criteria, suggestive linkage was supported for verbal IQ on chromosome 2 (LOD score of 2.01) at 258.19 cM. While not reaching the criterion for suggestive significance a number of variables showed linkage peaks (LOD score>1.10) in the same region. On chromosome 7 (130.7-169.87 cM), there was overlap in the linkage signal for information, vocabulary, and the two reading tests. On the short arm of chromosome 6 (20.5 cM), the linkage peaks overlapped for arithmetic and Schonell reading, while on the long arm (129.9 cM) the linkage peaks for information and Schonell reading converged. Two verbal IQ measures (information, arithmetic) showed overlapping linkage peaks on chromosome 14 (40.76 cM), and vocabulary and Cambridge reading showed weak linkage to the short arm of chromosome 17 (10.3 cM). On chromosome 22, in the region spanning 37.03-42.26 cM, linkage peaks were observed for both reading tests, spatial ability and information.
Chromosomal regions in which suggestive or significant linkage was indicated, including the range of the cM position defining each peak (and their marker names) are displayed in Table III .
DISCUSSION
This genome-wide linkage study of IQ is one of the first (see also Posthuma et al., 2005) ever undertaken and shows some promising results, with suggestive/significant linkage indicated for seven (i.e., vocabulary, arithmetic, verbal IQ, performance IQ, full IQ, Cambridge and Schonell reading) of the 11 cognitive measures investigated, some in overlapping chromosomal regions. Not only was consistency in linkage regions supported between the diverse, correlated measures of IQ, but regions that appear-at this stage-to be specific to various tests were also observed. These findings are thus in agreement with genetic covariance studies of IQ subtests (e.g., Martin and Eaves, 1977; Petrill et al., 1996a; Rijsdijk et al., 1998; Wainwright et al., 2004) which find significant influence of general and specific genes in explaining cognitive measure variability. Fig. 1 . Linkage plots displaying the significance (LOD score) of the verbal IQ subtests, performance IQ subtests, scale IQ scores, and reading tests to regions on Chromosomes 1 to 23 (X). LOD scores of 3.6 and 2.2 were adopted as the respective genome-wide significance and suggestive significance levels and are indicated by the horizontal bars, but note the empirical p-values for significant linkage for the following variables (LOD score in brackets): performance IQ (3.82), verbal IQ (3.08), full IQ (3.52), Cambridge reading (4.14), Schonell reading (3.75), vocabulary (3.15), and arithmetic (3.31).
In contrast to association studies, which require comparatively small sample sizes to attain sufficient power to detect genes of small effect, linkage analysis has far less power to detect genes of such magnitude. While we expected our linkage analysis to be underpowered, a region on chromosome 2 (165.19-189.15 cM) was shown to be significantly related to a number of cognitive measures. It is possible that multiple QTLs of small effect underlie this significant linkage, and this has been supported in studies of Position (cM) Fig. 2 . Linkage plots for variables showing converging linkage in regions (vertical bars approximate the LOD-1 drop interval from the peak marker) on chromosomes 2 and 6. On the short arm of chromosome 2 small peaks are present for the reading tests, but not the IQ tests (suggesting a reading specific gene), whereas on 2q both reading and IQ tests peak in the same region (suggesting a general cognitive ability gene). On the long arm of chromosome 6 there is a convergence of linkage for various verbal test measures, and a strong linkage signal on 6p is present for arithmetic. mice where, for instance, a locus influencing anxiety was shown to be composed of three regions, with Rgs2 identified in one of these regions as a modulator of anxiety (Yalcin et al., 2004) . The linkage region implicated in our study was most significant for the Cambridge Contextual Reading Test and performance IQ, although empirical p-values indicated reduced linkage to performance IQ. Other measures that showed linkage (albeit non-significant) in this region were the performance subtests, spatial and object assembly, full IQ and Schonell reading, suggesting a general influence of a gene/s in this region on cognitive ability. While linkage to this region was not supported for digit symbol, this is not surprising given the lower correlations between digit symbol with all other measures. However, the lack of a strong linkage signal in this region for the verbal IQ subtests is somewhat puzzling as reading and verbal IQ subtests are strongly correlated; furthermore, it is unlikely that a group factor should influence the reading tests and performance IQ, but not verbal IQ (see Wainwright et al., 2004) . It is notable that converging linkage peaks for information and vocabulary were observed around this region (156.35-165.19 cM) and it is possible that a consistent random effect or sampling/test bias present among the MAB verbal IQ subtests negatively affected linkage to this region. The LOD score for performance IQ on chromosome 2 was higher than that for either spatial or object assembly subtests, of which it is composed. In contrast, the LOD scores for full IQ were lower than those for the MAB performance IQ subtests because the MAB verbal IQ subtests did not show strong evidence of linkage to this region thus weakening the QTL signal for full IQ. These findings are perfectly aligned with the simulations of Martin and colleagues (1997) which showed that in the case of multiple measures affected by the same QTL the use of the mean value of the measures increases power for linkage, whereas use of the mean value will reduce power when not all measures are influenced by the QTL. This effect was further demonstrated in our study within the IQ scales, where suggestive linkage was indicated on 6p for arithmetic, but weakened evidence was observed for verbal IQ because information and vocabulary were not linked to this region. The implication, then, is that QTL studies-such as the genome-wide association studies of Plomin and colleagues (2001) -that focus only on conglomerate measures such as full IQ (or general ability) or even scaled scores may overlook QTLs that have particularly strong influences on group factors of intelligence or specific test factors. In the present study, several chromosomal regions were identified in which linkage peaks for verbal subtests/reading overlapped, providing support for genetic influence on a verbal group factor (for instance, information, vocabulary, and both reading tests showed linkage peaks in the same region on chromosome 7). Test specific genetic effects were best demonstrated by digit symbol which was the least correlated with the other measures and correspondingly showed the most divergent pattern of linkage from the other measures.
As the reading tests are known to share reading specific variance (although this is smaller than that shared with IQ), it was hypothesised that they might show linkages in regions that have been confirmed in dyslexic samples. A small peak on 6p near a well-known region (6p22) for dyslexia genes was shown for the Schonell, with its peak LOD score (1.24) reaching the significance level suggested for replication (Lander and Kruglyak, 1995) . The Cambridge test did not show linkage to this region, but unlike the Schonell test, the Cambridge test has no regular words (those that can be decoded using grapheme-phoneme conversion rules). Phonemic reading may be influenced to a larger extent by QTLs in region 6p than is orthographic coding or whole word reading required for irregular words. While orthographic coding has been shown to be linked to this region (e.g., Gayan et al., 1999) , the Cambridge test differs from orthographic coding tests used to assess dyslexia in that it contains low frequency irregular words to tap IQ. Although there was a discrepancy in the linkage findings for our two reading tests on 6p, consistent and larger peaks were shown in a region (7q32-q34) found significant in a Finnish cohort (Kaminen et al., 2003) , with the peak LOD score for the Cambridge (1.82) being for the same marker (D7S530) reported in the Finnish study. Another peak in common to the Schonell and Cambridge tests, but not the IQ test measures, was on the short arm of chromosome 2, but this region was $25 Mb upstream from an area (2p16-p15) previously confirmed for dyslexia phenotypes (Fagerheim et al., 1999; Petryshen et al., 2002) . However, it is known that linkage peaks for true QTLs can vary significantly in location due to a number of mainly stochastic factors (Roberts et al., 1999) .
Half of the observed linkage peaks spanned chromosomal regions of around 20 cM, making them quite large to screen for candidate genes. Nonetheless, a brief bioinformatics search under the linkage peaks identified a number of genes with known or putative function involving regulation of synaptic transmission and plasticity, including neurotransmitter release and excitability. On the long arm of chromosome 2, GAD1, NOSTRIN, KCNH7, TBR1, DLX1 and DLX2, were identified for their role in brain function, with several of these genes involved in glutamanergic neural transmission (which is theorised to influence prefrontal cortex functioning; Huntsman et al., 1998) . Some of these genes (GAD1, DLX1 & 2, TBR1) have been tested for their association with autism, which is linked to this same region of chromosome 2 (Bacchelli et al., 2003; Rabionet et al., 2004) . While association was not supported for autism, it is possible that these genes play a role in cognitive ability. In a sample of children and adolescents with childhood-onset schizophrenia, GAD1 was shown to be associated with rate of frontal grey matter loss, which may also relate to the poorer cognitive performance exhibited by those with childhood-onset schizophrenia (Addington et al., 2004) .
On chromosome 6, where a number of linkages were found, several candidate genes were apparent. Full IQ showed suggestive linkage to a relatively small region ($5 cM) on the short arm of the chromosome in which Neuritin1, a gene expressed in the postmitotic-differentiating neurons of the developing nervous system and in neuronal structures related to long term plasticity, is located (Naeve et al., 1997) . Also on 6p (6p22.3-6p24.3) was a linkage to arithmetic, which is in a nearby region to a recent association of the succinate-semialdehyde dehydrogenase gene (on 6p22) to IQ (Plomin et al., 2004) . A combined linkage and association analysis of the SCA1 (Spinocerebellar Ataxia 1; 6p23) gene has been performed in a subsample from this study, with results favouring the influence of QTLs in linkage disequilibrium with SCA1 rather than variants at SCA1 itself accounting for variance in arithmetic performance (Luciano et al., in preparation) . The Schonell reading test showed linkage on 6q, with a putative neurotransmitter receptor located in this region (Zeng et al., 1998) .
Serotonin, dopamine and glutamate receptor genes were located on chromosome 11 underneath the linkage peak for vocabulary, and a serotonin receptor gene (HTR5A) on chromosome 7 where verbal IQ showed suggestive linkage. While serotonin and dopamine have been primarily implicated in personality and addiction, there has been a suggestion that nicotine can increase memory and learning, with recent animal work confirming nicotine's effect on serotonin and dopamine neurotransmitters (Singer et al., 2004) . Other candidate genes were found for the linkages on chromosomes 21 and 22, including S100B, YWHAH, LARGE, and synapsin III, which are all involved in synaptic plasticity, transmission or myelination. Of these, YWHAH and synapsin III have been tested for association with schizophrenia, with some support for association of YWHAH in a Japanese sample (Toyooka et al., 1999) , while synapsin III has largely been dismissed as a functional QTL for schizophrenia (e.g., Stober et al., 2000) .
Whilst candidate genes could be found under most of our linkage peaks, it would be premature to test these for association without first replicating these linkages in another sample or at the very least in an increased sample size (we are continuing to accrue families). As so many statistical tests were carried out, albeit on correlated measures, it is likely that some of the observed peaks are false positives. However, the empirical significance levels, calculated for seven measures and adjusted for multiple testing, were very similar to the LOD score criteria applied to the remaining variables, and in the case of arithmetic, vocabulary, verbal IQ and full IQ empirical p-values were less stringent. A full genome screen for IQ has been conducted in a Dutch sample of larger age range and their results are compared with those obtained here (see Posthuma et al., 2005) ; furthermore, the Australian and Dutch data have been combined to successfully increase the power for linkage.
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